Introduction
The order Hymenoptera has been traditionally divided into three groups, according to the structure and life-style of the species: the sawflies (Symphyta), the parasitic wasps (Parasitica) and the aculeates (Aculeata). Of these groups only the aculeates, which include the stinging wasps, ants and bees, are considered to be monophyletic (Sharkey 2007) . Usually the aculeates have been divided into three superfamilies, Chrysidoidea, Vespoidea and Apoidea (Aguiar et al. 2013) , but recent molecular studies have shown that Vespoidea is paraphyletic with respect to Apoidea (Pilgrim et al. 2008 ).
The aculeates include many easily visible and economically significant taxa. The bees in particular play an essential role in the pollination of flowering plants, while social wasps and ants are important groups of predators. The females of most aculeates have a poisonous sting, which they use to defend themselves and to incapacitate their prey. Some species can sting humans and are therefore also of medical importance. Aculeates are warmth-loving insects, and the number of species decreases strongly towards the north in Europe. However, some species are restricted to the arctic region.
The Murmansk region (or oblast) of the Russian Federation is situated in northwestern Eu-rope and consists of the Kola Peninsula and some adjacent areas, most importantly Pechenga and Kuolajärvi (formerly Salla) in the west, and a small area south of Kandalaksha bay. The region is an integral part of Fennoscandia, as it has a common geological history with other areas of the physical-geographical area known as the Baltic shield. The insect fauna of the region is still poorly known compared to the rest of Fennoscandia, although detailed reviews have been published of Lepidoptera (Kozlov & Jalava 1994 , Kozlov & Kullberg 2011 . Several species of aculeate Hymenoptera have been reported in ecological and faunistic publications (e.g. Fridolin 1936 , Uvarova & Uvarov 1976 , Polevoi & Humala 2011 . The only species list of all aculeates of the Murmansk region (Paukkunen & Kozlov 2012) did not provide locality data and was published in Finnish in a low-circulation book, which limits its availability to the scientific community.
History of the research
The first preserved samples of aculeate Hymenoptera from the study area were probably collected by Johan (John) Reinhold Sahlberg in 1870. During a joint expedition with his fellow student, Aukusti Juhana Malmberg (later Mela), they collected at least 26 species of aculeates, as can be estimated from the materials deposited in the Finnish Museum of Natural History. Some of these records were published by Sahlberg (1889 Sahlberg ( , 1910a Sahlberg ( , 1910b . A few species were collected later by Reinhold Enwald in 1880 (Enwald 1881), and by Klas Edgren in 1885.
In 1887, more than 200 specimens of about 35 species of aculeates were collected during the Great Kola Expedition, arranged by Finnish scientists (Rikkinen 1980) . Collectors included Klas Edgren, Reinhold Enwald, Alfred Oswald Kihlman, Kaarlo Mainio Levander, Gustaf Nyberg and Johan Axel Palmén. Finnish biologists and entomologists, who collected aculeates from the Kola Peninsula prior to the Soviet revolution, included Bertil Poppius (expeditions in 1897 and 1899) and Justus Montell (one trip in 1899). Finally, Richard Frey and Wolter Hellen collected a large number of aculeate specimens of at least 36 species during their trip in 1913 (Frey 1915) . For more details on collecting trips by Finnish entomologists, consult Silfverberg (1988) .
No special research on the aculeate fauna of the Kola Peninsula was performed by Russian scientists in the pre-Soviet period. Although some material had been collected during 1894-1915 by at least ten people, the numbers of both specimens and species (deposited in the Zoological Museum in St. Petersburg) were relatively small. Collecting sites were mostly located near Kola fjord and Pechenga, on the northwestern coast of the peninsula.
As a consequence of the Tartu Peace of 1920, Finland obtained the Pechenga area (Petsamo) northwest of the Kola Peninsula, which became intensively studied during the 1920s and 1930s. During this period, about 1,200 specimens of aculeates belonging to 50 species were collected by nearly 30 entomologists, of which the most significant contributions were made by Wolter Hellén, Olavi Hulkkonen, Erkki Kanervo, Håkan Lindberg and Stephan Platonoff.
In the 1930s, insects of the Khibiny Mountains were studied by the ecologist Vladimir Yulievich Fridolin (Fridolin 1935 (Fridolin , 1936 . In addition to Fridolin, at least eight people collected aculeate material in the Kola Peninsula prior to the Second World War. This material consists of approximately 200 specimens of about 13 species. Collection localities, besides the Khibiny Mountains, included also the Kola Fjord and Yokanga River region, Svyatoi Nos peninsula and Kildin Island.
Between the Second World War and the breakup of the Soviet Union, collecting of aculeate Hymenoptera in the Kola Peninsula was very limited, although some scattered information was published by the Russian researchers (Striganova 1973 , Semenov-Tyan-Shanskiy 1975 , Uvarova & Uvarov 1976 , Byzova et al. 1986 ). The research intensified in the 2000s, as can be seen from publications on ants and other Hymenoptera of the Pasvik Nature Reserve (Makarova 2005 , Mershchiev 2006 , Polevoi & Humala 2011 , ants of the pollution-damaged forests of the Pechenga area (Mershchiev 2009 ), aculeates of the Khibiny region (Anufriev et al. 2011 ) and the pollinators of orchids (Blinova 2010 , Blinova & Mironov 2012 . Also a largescale study on the environmental impacts of the emissions of the Monchegorsk smelters, which has been continuing since the 1990s, has included the collection of large amounts of material on ants and bees (Kozlov 1997 , Kozlov et al. 2009 ).
Material and methods

Study area
The Murmansk region has an area of 144,900 km 2 and forms a part of the greater Lapland region that spans over four countries. Historically, it has also been referred to as Russian Lapland (Lapponia rossica, Lr). The region lies almost completely north of the Arctic Circle and includes the entire Kola Peninsula. The area is generally hilly, with the Khibiny Mountains (altitude 1,201 m) forming the highest point of the region. The climate is mild due to the proximity of the sea and the Gulf Stream. The typical vegetation is northern taiga forest, dominated by Norway spruce (Picea abies (L.) Karst.) and Scots pine (Pinus sylvestris L.), which are replaced by mountain birch (Betula pubescens ssp. czerepanovii (N. I. Orlova) Hämet-Ahti) near the northern tree limit. The northernmost parts of the Kola Peninsula are covered by tundra. The study area includes nine biogeographical provinces, six of which are located entirely in the Murmansk region (Fig. 1). 
Collections
The study is largely based on the collections of the Finnish Museum of Natural History, University of Helsinki (MZH, 1483 specimens of 107 species), the Zoological Museum of the University of Turku (ZMTu, 624 specimens of 18 species) and the Zoological Institute of the Russian Academy of Sciences in St. Petersburg (ZISP, approximately 950 specimens of 28 species, excluding ants which were not studied). The collections of MZH and ZMTu were studied and revised by JP, and information from the collections of ZISP was collected by MK. The identifications of most specimens in ZISP were not controlled during the recording of the label data, so their reliability was assessed subsequently based on the commonness and ease of identification of the species.
In addition to the museum collections, we used three unpublished ecological data sets collected by MK and his co-workers. The first set of samples was collected with yellow colour traps (i.e. so-called Russell traps) from 12 sites (located 1-47 km from Monchegorsk) in 2000 and comprised 2,282 aculeates of 17 species, identified by Guy Söderman. The second set, collected using the same methods from ten sites in 2010, was identified by JP and contained 394 individuals of 11 species. Bumblebees comprised approxi- 
Publications
We carefully searched all published data on aculeates from the Kola Peninsula, including papers written in Finnish and Russian. All records were examined for the reliability of identifications by JP. In addition to the literature mentioned in the introduction, records of aculeates were extracted from the following publications: Anufriev et al. (2011) , Collingwood (1979) , Elfving (1968) , Nordström (1921, 1923) , Friese (1911) , Grönblom (1916) , Hellén (1920a Hellén ( , 1920b Hellén ( , 1953 Hellén ( , 1954 Hellén ( , 1955 , Lomholdt (1975 Lomholdt ( , 1976 , Løken (1973) Olmi (1994) , Huldén (1991, 1995) , Pekkarinen et al. (1981) , Pulkkinen (1931) , Shutova (2003) , Skorikov (1912 Skorikov ( , 1914 , Söderman and Leinonen (2003) , Wolf (1967) and Zvereva et al. (2010) .
Nomenclature and data presentation
The nomenclature mainly follows the checklist of Finnish aculeates (Paukkunen 2010a) . Families and species within the families are listed in alphabetical order. For rare species with not more than five localities we include full data; for common species we only list the collecting localities in alphabetical order (for the coordinates, consult Table 1 ) within each biogeographical province (also in alphabetical order). The province abbreviation is underlined, if the observation is based on a specimen identified or verified by Juho Paukkunen, Pekka Punttila (Formicidae), Jouni Sorvari (Formicidae) or Veli Vikberg (Dryinidae). References to published data are given for rare species but omitted for common species. Noteworthy species are provided with brief comments on their distribution.
Abbreviations: is. = island, islands; r. = river; l. = lake; st. = railway station; mt. = mountain; mts. = mountains; low. = lower course; mid. = middle course; upp. = upper course; sur. = surroundings; W. = west; E. = east; S. = south; N. = north. has been classified as a rare species, found only inway and Sweden (Paukkunen 2010b , Hansen et al. 2010 . (Grönblom 1916 : 29, Pulkkinen 1931 : 63, Hellén 1954 : 127, as G. fallax, Hellén 1955 . Lps: Lotta r. (at "Rohvinan kenttä") 11.VII.1899 1$ (Poppius) (Grönblom 1916 : 29, Pulkkinen 1931 : 63, Hellén 1954 : 127, as G. fallax, Hellén 1955 . "Lapponia rossica" (Lomholdt 1975: 199) . This is a rare, northern species which lives in sandy open areas, e.g. along rivers and on dry meadows. It is classified as near threatened in Finland (Paukkunen 2010b) . In addition to Finland and the Murmansk region, it is known from the northern part of the Republic of Karelia, Siberia (Ural, Altai, Ussuri), Korea and Sakhalin (Pulawski 2011 (Söderman & Leinonen 2003: 155) .
Species found
Sphecodes hyalinatus Hagens, 1882
Lim: Malyi Vudjavr l. (Fridolin 1936: 131) . (Sahlberg 1889: 176, as O. uncinata [misidentified] ).
Family Megachilidae
Megachile analis
Osmia laticeps Thomson, 1872
Lps: Nautsi 1$ (Kanervo) (Elfving 1968: 41, as O. inermis [misidentified] (Forsius & Nordström 1921: 72) . The closest known populations of this species are in southern Sweden and Norway. In both countries, the species is classified as critically endangered , Hansen et al. 2010 . The distribution area extends also to the coastal areas of Denmark, Germany, the Netherlands, Poland, Mongolia, eastern Siberia, Alaska and Canada's Northwest Territories (Rightmyer et al. 2010 , Müller 2011 .
Osmia nigriventris (Zetterstedt, 1838) Ks: Vuorijärvi 11. VII.1934 1# (Hellén) . Lim: in between Kandalaksha and Zasheek 3.VII.1870 1$ (Sahlberg) (Sahlberg 1889: 176) ; Malyi Vudjavr l. (Fridolin 1936) ; four localities 5 km N. to 20 km S. of Monchegorsk 2000 4 exx. (Kozlov) . Lps: Kaskama, 1# (Grönblom).
Family Pompilidae
Anoplius tenuicornis (Tournier, 1889) Lim: Kunijok r. upp. (Anufriev et al. 2011) . Lps: Lotta r. (Nordström & Forsius 1928: 3, 8 (Fridolin 1936: 131) . Lp: Pyalitsa 28.VIII.1870, 1$ (Sahlberg) (Wolf 1967: 30) . Lps: Lotta r. (Poppius) (Nordström & Forsius 1928 : 3, Wolf 1967 . The records from Lps by Nordström and Forsius (1928) and Wolf (1967) are based on four female specimens collected by B. Poppius in 1899 from the shores of the Lotta river. It is possible that all these specimens have been, however, collected from the province Li on the Finnish side of the river.
Family Chrysididae
Chrysis ignita (Linnaeus, 1758) Ks: Kuolajärvi (Hellén 1920a: 213) . The specimen is misidentified and represents C. schencki.
Family Colletidae
Hylaeus confusus Nylander, 1852 Lim (Söderman & Leinonen 2003: 63) . The closest verified records have been made from Tornio, Finland.
Family Formicidae
Formica cunicularia (Latreille, 1798) Lim: Monchegorsk sur. (Kozlov 1997: 227-228) .
The record must be a mistake, as the species is restricted in Fennoscandia to southern parts of Sweden and Norway (Douwes et al. 2012) .
Formica forsslundi Lohmander, 1949
Lps: Pasvik Nature Reserve and its sur. (Mershchiev 2006: 164) . The record is uncertain, because the species is easy to confuse with other closely related species, and it is not known to occur any near to the Pechenga area (Douwes et al. 2012) .
Formica fusca Linnaeus, 1758
Kk: Bolshaya Bogomolikha is.; Bolshoi Lomnishnyi is.; Devichya Luda is.; Dokucheikha is.; Kurichek is.; Lambin is.; Malyi Lomnishnyi is.; Ryazhkov is. (Uvarova & Uvarov 1976 : 113, Byzova et al. 1986 . Li: Jäniskoski (Makarova 2005: 62) . Lim: Malyi Vudjavr l. (Fridolin 1936: 134) , Monchegorsk sur. (Kozlov 1997: 227-228) . Lps: Pasvik Nature Reserve and its sur. (Mershchiev 2006: 164) , Nikel and its sur., Pechenga (Mershchiev 2009: 127) . We consider these records as uncertain, because the species has been commonly confused with F. lemani and F. gagatoides, and it has currently not been found north of the 66 th parallel in the Nordic countries (Douwes et al. 2012) .
Formica pratensis Retzius, 1783
Kk: Devichya Luda is.; Ryazhkov is. (Uvarova & Uvarov 1976 : 114, Byzova et al. 1986 . Lim: Malyi Vudjavr l. (Fridolin 1936: 135) . These records are unreliable, as the species is relatively difficult to identify and the closest verified observations are from southern Finland (Douwes et al. 2012) .
Formica rufa Linnaeus, 1758
Lim: Chuna (Semenov-Tyan-Shanskiy 1975: 106); Malyi Vudjavr l. (Fridolin 1936: 135) ; Monchegorsk sur. (Kozlov 1997: 227-228) . The records are unreliable, as the species is often confused with other species of the Formica rufa group, and verified observations are not known from north of central Fennoscandia (Douwes et al. 2012) .
Leptothorax muscorum (Nylander, 1846) Lim (Paukkunen & Kozlov 2012: 193) . The record was based on unpublished data received from D. Dubovikoff. We consider it as uncertain, because the closest verified records of L. muscorum are from southern Finland (Douwes et al. 2012) .
Monomorium pharaonis (Linnaeus, 1758)
Lim: Apatity indoors, around 2000 (A. Popova pers. comm.). This species may have been misidentified.
Myrmica rugulosa Nylander, 1849
Lps: Pasvik Nature Reserve and its sur. (Mershchiev 2006: 164) . The species has a southern distribution in Fennoscandia (Douwes et al. 2012) and it is considered unlikely to occur in the Pechenga area.
Family Halictidae
Lasioglossum fulvicorne (Kirby, 1802) Lim: Malyi Vudjavr l. (Fridolin 1936: 128) . Apparently, Fridolin used the name "Halictus fulvicornis" erroneously for Lasioglossum fratellum. The closest verified records of L. fulvicorne are from southern Finland.
Lasioglossum subfulvicorne (Blüthgen, 1934) Lim (Söderman & Leinonen 2003: 152) . This record is based on misidentified specimens of L. fratellum.
Family Megachilidae
Osmia uncinata Gerstäcker, 1869 Lim: Malyi Vudjavr l. (Fridolin 1936: 129) . Lt: Kola r. (Sahlberg 1889: 176) . The species is easy to confuse with other closely related species. Both specimens mentioned by Sahlberg (1889) are misidentified and belong to O. inermis.
Family Vespidae
Ancistrocerus nigricornis (Curtis, 1826) Lim: Malyi Vudjavr l. (Fridolin 1936: 131, as Odynerus callosus) . The closest verified records of the species have been made in southern Finland (Pekkarinen & Huldén 1991) .
Dolichovespula saxonica (Fabricius, 1793)
Lim: Malyi Vudjavr l. (Fridolin 1936: 131) . The species is rare in northern Fennoscandia. It is uncertain whether Fridolin's "V. norvegica var. saxonica" is compatible with D. saxonica.
Discussion
Species composition
A total of 123 species of aculeate Hymenoptera are recorded from the Murmansk region. The records of an additional 16 species are considered as uncertain, and the records of three species are erroneous. The majority of the aculeates found in the region has wide distribution areas and are more common in southern Fennoscandia. Several of these species have their northernmost known localities in the Murmansk region. 
Level of knowledge of the fauna
Although the total number of species, confirmed by the examined material, is relatively high for such a northern location, many more species are still expected to be found from the Murmansk region. This suggestion is supported by the high proportion of species that have been collected from the region only once (33 of 123 species, i.e. 27%). According to the checklist of Söderman and Vikberg (2003) , a total of 230 aculeate species have been found from the approximately same sized area of northern Finland which includes the following Finnish biogeographical provinces: Ostrobottnia borealis pars borealis (Obb), Regio kuusamoënsis (Ks), Lapponia kemensis pars occidentalis (Lkoc), Lapponia kemensis pars orientalis (Lkor), Lapponia enontekiensis (Le) and Lapponia inarensis (Li). Currently, the species number for northern Finland is even somewhat larger as several new species have been found there, and some species have been split into two or more species during the past decade. Therefore we estimate that about 100 additional species could still be found from the Murmansk region. Knowledge of the distribution and abundance of different species remains also at a relatively low level. This is exemplified by the fact that Bombus sporadicus was included as the only hymenopteran in the Red Book of the Murmansk region (Shutova 2003) , although it is common and widespread in the area.
Knowledge of the aculeate species composition varies considerably in different parts of the Murmansk region (Fig. 2) . Of the biogeographical provinces, the best studied are Lapponia imandrae (Lim), from which a total of 86 species have been found. The province Lapponia petsamoënsis (Lps) is also fairly well studied, with a total of 65 species. Clearly less well known are Lapponia murmanica (Lm), 14 species, and Lapponia ponojensis (Lp), 20 species, due to their remote locations. Also the northern part of Karelia keretina (Kk) is still poorly studied, with only 18 recorded species. The aculeates of the Russian part of Regio kuusamoënsis (Ks) with 55 species, Lapponia varsugae (Lv) with 39 species, and Lapponia tulomensis (Lt) with 33 species, also remain relatively poorly studied. In the future, more efforts should be made to survey hymenopterans and other insects in these fascinating, but poorly known areas of northern Europe. Fig. 2 . Collecting sites of aculeate Hymenoptera in the Murmansk region. Number of recorded species is shown by black dots of different size: small dot: 1-5 species, mediumsized dot: 6-10 species, large dot: 11-44 species. Locality names, coordinates and species numbers are presented in Table 1 .
